Data were obtained from 1980 to 1987 on animals belonging to one of three breeding systems: Hereford, small rotation, and large rotation. Differences among Angus-, Gelbvieh-, Pinzgauer-, and Tarentaise-sired calves within the small rotation system were generally not detected as significant for the preweaning traits of gestation length, calving ease, birth weight, gain to weaning, or creep feed intake with the exception of a longer gestation length for Gelbvieh-sired calves. Similarly, differences for feedlot gain, days on feed, feedlot intake, and the carcass characteristics of carcass weight and marbling, and lean, fat, and bone percentages were generally nonsignificant. Gelbvieh-and Pinzgauersired calves had higher growth rate, market weight, and longissimus muscle area than Angus-or Tarentaise-sired calves with a corresponding tendency for increased feed intake. Differences among Charolais-, Maine Anjou-, and Simmental-sired calves within the large rotation were not significant for any of the traits studied. Increased cow weight was positively associated with birth weight, significantly so for the small rotation. No patterns of association with cow weight were found for other preweaning traits. Increased milk yield was positively, but not always significantly, associated with gestation length and all weights and was negatively associated with creep intake. Neither cow weight nor milk yield showed any consistent association with feedlot or market traits, although increased milk yield was shown to be associated with higher daily gains for Hereford and small rotation and with higher carcass and market weights for Hereford. In general, associations of traits of calves with weight and milk yield of their dams were not detected as being different among breeding systems; except the effect of increased milk yield on gain to weaning was greater in Hereford than in large rotation cows.
Introduction
The feedlot industry in Canada depends on the cowcalf industry to produce the feedlot cattle desired. Cow-calf producers have been increasing weaning weight of their cattle by management and genetics. Increases due to genetics have been obtained through the use of different breeds and selection. Many researchers have reported the performance of calves from many different breeds of sire. Dams of calves have most often been of Hereford and Angus origin. Estimates for the effects of breeds of sire when the breed of dam is similar in size to the breed of sire are, 'National Pig Development Co., 633 Park Street, Regina, J. h i m . Sci. 1993 Sci. . 71:2874 Sci. -2884 however, not well known for many combinations of breeds.
Increased cow weight or milk yield across biological types has been associated with increased weaning weight (McMorris and Wilton, 1986) . Jones et al. ( 19 82 ) and McMorris and Wilton ( 19 8 6 ) have studied the effects of increased cow weight and milk yield on feedlot and market traits across breeds of cattle to estimate these effects across the population of cattle. These population effects may not apply equally t o the narrow range of a breed or breeding system.
The objectives of this study were therefore to determine 1) estimates of breed of sire effects for preweaning, feedlot, and market traits in two rotational breeding systems and 2 ) the effects of changing cow weight and milk yield on preweaning, feedlot, and market traits in two rotational breeding systems and straight-bred Hereford. 
Materials and Methods
The data consisted of 548 single births at the Elora Beef Cattle Research Centre from 1980 to 1987. A subset of these calves was used to analyze feedlot (242 males) and market (228 males) traits. Calves belonged t o one of three breeding systems: Hereford, small rotation, and large rotation. A fourth breeding system, Angus by large rotation, was included in the analysis, but results are not reported because of small numbers of observations. The numbers of records represented by each sire breed-maternal grandsire breed subclass are presented in Table 1 . Further information on the breeding systems was given by Fiss and Wilton (1992) .
Numbers of sires (by breed) are presented in Table  2 . Sires with positive EPD for weaning weight, yearling weight, and calving ease were used whenever bHH = Hereford, AN = Angus, GV = Gelbvieh, PZ = Pinzgauer, TA = Tarentaise, CH = Charolais, MA = Maine Anjou, SM = Simmental. '?3coring system: unassisted = 100, easy pull = 50, hard pull = 30, and surgical = 0.
possible. Average EPD from the Canadian Sire Evaluation Program or approximate conversions to that program are shown in Table 2 for sires used for which evaluations were available. The EPD were reported as differences from a current (3-yr) average of zero for each breed. Cows were housed in confinement and fed to maintain a target backfat thickness of 8 mm in all years. However, in 1980, 35 cows were fed to 70% of their requirements according to NRC (1976) as part of a genotype x nutrition interaction trial (Wilton et al., 1987) .
Until weaning, calves were housed with their dams. Approximately 1 wk after the start of the calving season, creep feed was made available t o all calves. Creep feed was typically 33% hay silage, 33% corn silage, and 33% oats on an as-fed basis. Calves were dehorned at 6 wk of age. Castration of bull calves occurred after weaning in 1980 to 1985 and at dehorning from 1986 to 1988. Weaning occurred at an average age of 197 (155 to 232) d. Two trials with preweaning calves were conducted. One trial was in 1983 and was on the effect of a growth promotant. The second trial was in 1984 and 1985 and was on the effects of removal of calves from their dams for 48 h, 3 wk before the start of the breeding season.
Postweaning, male calves were housed in an openfronted pole barn except for 2 yr when they were housed in a slatted-floor barn. Four nutritional trials were superimposed over breeding systems. The feedlot trials were a bull-steer trial to examine castration effects, a trial to examine the effects of growth promotants, a grain corn trial t o compare separated grain corn and high-moisture corn, and a bypassprotein trial. Calan feedgates were used t o obtain individual feed intake measurements in the pole barn, and feed intake was recorded on a pen basis (typically two t o four animals per pen) in the slatted-floor barn. Individual feed intake in the slatted-floor barn was calculated from the average intake for the pen each day. Animals were allowed ad libitum access to diets that were typically based on corn silage (approximately 30% of the diet) and high-moisture corn (approximately 70% of the diet). In the bypassprotein trial, hay silage was used instead of corn silage, and a growing period (with hay silage at approximately 90% of the diet) preceded the finishing period. All diets were supplemented with monensin (Rumensin) added at the manufacturer's recommended level.
Backfat thickness between the 11th and 12th ribs was determined ultrasonically by the use of a Scanogram (Model 721, Ithaco, Ithaca, NY). Cattle were slaughtered when they reached 7 mm of backfat over the longissimus muscle. When this end point was reached, males were removed from feed for 24 h and from water for 16 h before slaughter. Slaughter and grading occurred at the University of Guelph Meat Laboratory. After grading, the 9-10-11-12 left-rib section was dissected into lean, fat, and bone.
Traits of interest were divided into preweaning, feedlot, and market traits. Preweaning traits were gestation length, calving ease, birth weight, creep intake, and gain to weaning. Feedlot traits were days on feed, ADG on feed, gain on feed, feedlot energy intake, and market weight. Hot carcass weight, fat thickness, marbling, longissimus muscle area, rib lean percentage, and rib fat percentage were the market traits analyzed. Calving ease was transformed to a scale of 100, 50, 30, and 0 for unassisted, easy pull, hard pull, and surgical, respectively, as in the Canadian Beef Sire Monitoring Program ( 1982) . Unobserved calvings were classified as unassisted. Creep intake and feedlot intake were recorded as kilograms of feed fed less weigh-backs, and converted to ME. The total ME of the diet was calculated as the sum of the ME of each ingredient in the diet (based on NRC, 1984) .
Hot carcass weight was determined after skinning, eviscerating, and splitting the carcass. Fat thickness was the subcutaneous fat thickness measured 3/4 of the distance along the longitudinal axis of the crosssection of the longissimus muscle of the chilled carcass. Marbling was recorded on a 10-point scale ( 1 = devoid and 10 = abundant). Longissimus muscle area was the area of the cross section of the longissimus muscle between the 12th and 13th ribs.
Statistical Analysis
The full model for all traits included breeding system ( 1 to 4), sire breed within breeding system ( 1 to 91, maternal grandsire breed within breeding system ( 1 to 111, year (1980 to 19871, and age of dam (2, 3, 4, or 5 and greater) . For preweaning traits, sex of calf (male or female), cow ration (70 or 100% of NRC [19761 during the cow's lactation), and calf trial were included as additional classification effects. For feedlot and market traits, trial within year was included as a classification effect. All possible twofactor interactions with sire breed were also included as classification effects in all models. Random effects included were additive genetic, maternal, and residual for all traits.
Covariates included in all models were the linear and quadratic effects of cow weight at weaning, backfat depth of cow at weaning, and average milk yield of cow. Calf birth weight (linear and quadratic) was also included for calving ease and gestation length. For calving ease, weight at calving and backfat depth of cow at calving replaced weight at weaning and backfat depth of cow at weaning. The interaction between birth weight and cow weight at calving was included in the model for calving ease. The linear and quadratic effects of gestation length and calfs Julian birth date were included in the full model for birth weight. The full models for days on feed, ADG on feed, "Breeding system, breed of sire of calf, and random effects for direct and maternal genetic plus residual were in all models. and gain on feed also included age at weaning as linear and quadratic covariates. Age at slaughter was included as linear and quadratic covariates in the models for market traits and market weight was included as linear and quadratic covariates for fat thickness, marbling, and longissimus muscle area. All covariates were included across breeding system, within breeding system, and within sire breed for a total of nine linearly independent effects for each covariate.
Data were analyzed by linear model procedures using an animal model. The required variance components were estimated by derivative-free REML (Meyer, 1987) . The reduction sums of squares obtained from the analyses were used to remove any insignificant effect at a 15% level of significance. However, main effects were retained if still included in interactions and linear covariates were retained if their quadratic covariate was still included. Breeding system, sire breed within breeding system, linear cow weight, and linear milk yield were not removed from the model. The F-value used to determine the removal of a covariate was based on the reduction due to including the covariate for all breeds with 9 df. The final reduced models are presented in Table 3 .
Least squares means and partial regression coefficients for cow weight and milk yield were obtained for breeding system and sire breed. Least squares means were adjusted to the mean value of all covariates within each sire breed or breeding system. Protected LSD tests were used to compare least squares means and partial regression coefficients. Partial regression coefficients were also compared to zero.
Results and Discussion

Breeding System
Hereford, small rotation, and large rotation calves had similar gestation lengths and calving ease ( Table  4) . Comparisons of these breeding systems with Angus by large rotation are not reported because of the small number of observations in that system. Similar results to those in this study have been found for similar types of cattle for gestation length (McMorris and Wilton, 1986 ) and for purebred Hereford and Simmental for calving ease (Comerford et al., 1987) . Birth weight and gain to weaning of large rotation were greater than that of small rotation, which were greater than that of Hereford (Table 4 ). The breeding system with the lowest gain to weaning had the lowest milk production (4.2 kg/d for Hereford, 7.7 kg/d for small rotation, 8.6 kg/d for large rotation) as well as lowest cow weight at weaning (548 kg for Hereford, 561 kg for small rotation, and 678 kg for large rotation) (Fiss and Wilton, 1992) . It has been hypothesized that calves suckling high-milk-producing cows would consume less creep feed than calves suckling low-milk-producing cows. In this study, calves from the high-milk-producing breeding systems, small rotation and large rotation, did consume less creep feed ( P < . 0 5 ) than calves from Hereford (Table  4) .
In the feedlot, Hereford had the lowest intake, days on feed, gain, and market weight, whereas large rotation had the highest (Table 4) . Hereford had fewer days on feed and higher ADG than small rotation, resulting in similar total gains. Hereford had similar ADG t o large rotation (Table 4) . Adams et al. (1973) and Southgate et al. (1982a) also found Hereford to have similar ADG to Charolais-, Maine Anjou-, and Simmental-sired calves when slaughtered a t a constant fat thickness. However, Southgate et al. (1982b) and McMorris and Wilton (1986) found Simmental-, Charolais-, and Maine Anjou-sired calves to have an ADG greater than Hereford when slaughtered at a constant fat thickness. Comparisons of growth rates in the present study would be influenced by the number of days on feed and associated changes in climate and by the fact that fat thicknesses were not exactly equal for Hereford and large rotation.
Hot carcass weight of cattle from the different breeding systems followed the same pattern as market weight (Table 4 ). Other researchers (Koch et al., X~Y~zMeans in the same row with no common superscript differ ( P < .05).
1976; Adams et al., 1977; Koch et al., 1979; Bass et al., 1981; Kempster et al., 1982a,b) have all reported similar trends for the component breeds of the breeding systems.
No significant differences were found in fat thickness, marbling, or rib percentages of these animals (Table 41 , although the differences in carcass fat thickness were larger than expected under a research protocol of slaughtering at 7 mm of fat thickness. The component breeds in these breeding systems have been found to have similar marbling when slaughtered at a constant fat thickness (Rahnefeld et al., 1985) and when serially slaughtered and adjusted to a constant fat thickness (Koch et al., 1982) . However, Angus has been found to produce carcasses with more marbling than other breeds when slaughtered at a constant fat thickness (Adams et al., 1973) or serially slaughtered and adjusted to a constant fat thickness (Koch et al., 1976 (Koch et al., , 1979 .
Small Rotation Breeds
Gelbvieh-sired calves had a longer gestation length ( P < . 0 5 ) than Angus-, Pinzgauer-, and Tarentaisesired calves (Table 5) . Gregory et al. (1978) , Notter et al. (1978) , and Gregory et al. 11979) found Gelbvieh-, Pinzgauer-, and Tarentaise-sired calves to have similar gestation lengths to Angus-sired calves. One difference between this study and previous studies is that previous reports used Angus and Hereford cows, whereas in the present study cow breeds were from the same rotation as sire breeds. There were no significant differences among the small rotation breeds for the remaining preweaning traits ( Table 5 ) . Gregory et al. (1978 Gregory et al. ( , 1979 reported that Angus-sired calves out of Hereford and Angus dams had fewer calving difficulties, lower birth weight, and lower weaning weight than Gelbvieh-, Pinzgauer-, and Tarentaise-sired calves.
For feed intake in the feedlot, Angus-sired calves have been reported to be lower than Pinzgauer-, Tarentaise- (Cundiff et al., 1984) , and Gelbvieh-sired calves (Cundiff et al., 1981) when serially slaughtered and adjusted t o a constant degree of fatness. Tarentaise-sired calves have also been reported to consume more than Pinzgauer-sired calves (Cundiff et al., 1984) . In contrast, in the present study, although Angus-sired calves tended t o consume less feed than calves by the other three breeds of sire, differences were not significant (Table 5) . Tests in the present study were approximate because feed intake was measured on a pen basis in 2 of the 8 yr. Along with a tendency for lower feed intake, Angus-sired calves also tended to be the earliest t o go to market of the small rotation breeds of sire and to gain the least weight during the feedlot phase. The other three breeds of sire had similar days on feed and Tarentaise-sired calves gained slightly less weight during the feedlot period than Gelbvieh-and Pinzgauer-sired calves (Table 5) . Of the breeds of sire in the small rotation, Gelbvieh-and Pinzgauer-sired calves had the highest ADG (Table 5 ) with a tendency to have the highest feedlot gains. 18.6 3.8 aO = surgical, 100 = unassisted. bl = devoid, 10 = abundant. xJ,zMeans in the same row with no common superscript differ ( P < ,051.
Small rotation breeds were not found to differ significantly for market traits except for longissimus muscle area (Table 5 ) . Angus-sired calves had the lightest carcasses with the highest fat thicknesses. No differences in fat thickness were expected because slaughter was to be at 7 mm of fat depth. Early maturity and, hence, fewer days on feed might explain the light carcass as well as market weights of Angussired calves. Koch et al. (1979 Koch et al. ( , 1982 reported that the Angus x Hereford cross had lighter carcasses and market weights than Gelbvieh, Pinzgauer, and Tarentaise. The similarity among breeds for marbling agrees with the findings of Koch et al. (1979 Koch et al. ( , 1982 and Tinker et al. (1988) . Angus-sired calves had a smaller ( P < .05) longissimus muscle area than Gelbvieh-and Pinzgauer-sired calves (Table 5 ) . Koch et al. (1979 Koch et al. ( , 1982 ) also found Angus-sired calves had a smaller longissimus muscle area than Gelbvieh-, Pinzgauer-, or Tarentaise-sired calves when the cattle were serially slaughtered and adjusted to a constant fat thickness. Table 6 . Least squares means (LSM) and standard errors (SE) for preweaning, feedlot, and market traits for large rotation breeds
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Large Rotation Breeds
Large rotation breeds did not differ significantly in preweaning traits (Table 6) . Newman et al. (1974) found that Maine Anjou-sired calves had lower calving ease than Charolais-or Simmental-sired calves, whereas Smith et al. (1976) and Fredeen et al. (1982) did not find much difference between calving ease of Charolais-and Simmental-sired calves. Most researchers, including Newman et al. (19741, Smith et al. (1976) , Gregory et al. (1978) , and Petit and Lienard ( 1988) have found Charolais-, Maine Anjou-, and Simmental-sired calves to have similar birth and weaning weights. Bowden (1980) found that Charolais-sired calves consumed less DE preweaning than did Simmental-sired calves.
As in the present study, many researchers have found Charolais-, Maine Anjou-, and Simmental-sired calves to be relatively similar in feedlot performance, although Adams et al. (1973) and Newman et al. (1974) reported that Maine Anjou-sired calves had higher ADG than Charolais-and Simmental-sired calves, respectively. The similarity among large rotation breeds for hot carcass weight (Table 6 ) agrees with the reports of Bass et al. (19811, Kempster et al. (1982131, and Rahnefeld et al. (1983) .
Lack of difference in fat thickness was expected because of the design of the experiment. Marbling and rib composition also were not found to differ. Adams et al. (1977) found Charolais-, Maine Anjou-, and Simmental-sired calves to be similar in their amount of marbling. Koch et al. (1976) and Rahnefeld et al. ( 198 51, studying Charolais and Simmental, and Newman et al. (19741, studying Simmental and Maine Anjou, found no difference in marbling. The constant rib composition agrees with the findings of Berg and Butterfield (19761, again probably due to slaughtering at a relatively constant fat thickness. Adams et al. (1977) also found that Charolais, Maine Anjou, and Simmental had the same fat trim percentage and edible portion percentage in the whole carcass when cattle were slaughtered at a similar fat thickness. In studies in which cattle were serially slaughtered and adjusted to a constant fat thickness (Koch et al., 1976) or slaughtered at a constant fat thickness (Kempster et al., 1982a,b; Rahnefeld et al., 1983) there were no significant differences in longissimus muscle area of Charolais-, Maine Anjou-, and Simmental-sired calves, in agreement with this study.
Cow Weight
Increasing cow weight was associated with changes in preweaning, feedlot, and market traits that were not different for the three breeding systems with the exception of fat thickness (Table 7) . In all breeding systems there was a positive association between birth weight and cow weight ( aper 10 kg. c1 = devoid, 10 = abundant. XJ'Regressions in the same row with no common *P < .05. **P < .01.
= surgical, 100 = unassisted. (19821, and McMorris and Wilton (1986) all found cow weight to have a positive association with calf birth weight. Calving ease was not significantly associated with cow weight for any of the breeding systems (Table 7) . However, Nelson and Beavers (1982) found that increasing cow weight across breeds decreased calving ease curvilinearly, with birth weight included in the model. Bellows et al. (19711, similarly, found no significant relationship between cow weight and calving difficulty in Herefords.
Larger cows would be expected to produce calves that gain more rapidly and consume more creep feed. However, changing cow weight within breeding system, adjusted for milk yield, had no significant effect on calf creep intake (Table 7) . Hohenboken et al. (1973) and Marshall et al. (1976) found creep feed intake to be positively associated with cow weight within breed. McMorris and Wilton (1986) found the opposite trend when analyzed across breeds representing a large range in cow weights; however, breed was not included in the model.
No regression for gain was significantly different from zero although many researchers (Urick et al., 1971; Benyshek and Marlowe, 1973; Hohenboken et al., 1973; Marshall et al., 1976; Stewart and martin, 1981; Nelson et al., 1982; McMorris and Wilton, 1986) have found increased cow weight to be associated with increased weaning weight, both within and across breeds.
Increasing cow weight also was not found to have any effect on days on feed, ADG, gain on feed, feed superscript differ ( P < .05).
intake, or market weight in any of the breeding systems (Table 7) . McMorris and Wilton (1986) also reported insignificant increases in feedlot ADG associated with increased cow weight. However, increasing cow weight has been found to be associated with heavier market weights and longer days on feed (Jones et al., 1982; McMorris and Wilton, 1986) and increased feed requirements in the feedlot (McMorris and Wilton, 1986) .
Cow weight had no significant effect on hot carcass weight in any breeding system when milk yield was included in the model (Table 71 , although a trend toward increased hot carcass weight was present for small rotation and large rotation. The fat thickness of the large rotation decreased with increased cow weight ( P > .01). The partial regression coefficient for fat thickness on cow weight in Herefords was positive and significantly different from that of the large rotation, although not significantly different from zero (Table 7) . Heavier Hereford cows seemed to produce progeny that were easier to finish than calves from smaller Hereford cows. However, the heavier cows may also have been the cows with the highest fat depth. Cow fat depth was not included in the final model because it was not significant for the group of nine breeds, but fat depth may still have been significant for any one breed.
The marbling of all breeding systems tended t o decrease with increased cow weight, although the small rotation was the only breeding system in which marbling was significantly affected by cow weight. Jones et al. (1982) found marbling to decrease with increased cow weight when analyzed across breeds. The results of Jones et al. (19821 seem to agree with results from the present study; but, when examining the least squares means for breeding systems in the present study, marbling did not differ significantly for breeding systems with large or small cows ( Table 4) .
The effect of cow weight on longissimus muscle area and rib composition did not differ significantly between breeding systems (Table 7) . Lack of an effect of cow weight on longissimus muscle area would be expected due to inclusion of market weight as a within breeding system covariate in the model. Rib fat percentage decreased in small rotation ( P < .O 1) with increased cow weight, whereas rib lean percentage tended to increase. Rib composition of Hereford and large rotation slaughter cattle was not significantly associated with cow weight.
Milk Yield
Breeding systems did not differ in their association between milk yield and gestation length, calving ease, birth weight, and creep intake (Table 8) . Increasing milk yield tended to be associated with increased gestation length and birth weight within each breeding system. McMorris and Wilton (1986) also found a similar but nonsignificant estimate for the association between milk yield and gestation length. Hohenboken et al. ( 19 7 3 ) found nonsignificant correlations between birth weight and milk yields in Herefords. Milk yield had no apparent association with calving ease of cattle when examined within breeding system. Djemali et al. (1987) found a negative association between calving ease and milk yield in Dairy Herd Improvement data.
Creep intake would be expected to decrease with an increased availability of milk. The decrease was observed, although not significantly within breeding systems (Table 8) . Negative associations between milk yield and creep intake were found by Hohenboken et al. (19731, Marshall et al. (19761, and McMorris and Wilton ( 198 6) . McMorris and Wilton (1986) reported that as milk yield increased, the corresponding increase in weaning weight decreased, when examined across a wide range of milk yields. In this study, the association between milk yield and gain t o weaning was linear. However, the low-milk-producing breeding system (Hereford) had a higher ( P < . 0 5 ) coefficient for regression of gain to weaning on milk yield than did the highermilk-producing breeding systems (Table 8) . Positive correlations between milk yield and weaning weight have been found by many other researchers including Hohenboken et al. (1973) , Marshall et al. (19761, Belcher and Frahm (19791, Boggs et al. (19801, Butson et al. (19801, and Chenette and Frahm ( 198 11, both within Herefords and across breeds and breed crosses.
Milk yield was not significantly associated with any of the feedlot or market traits other than ADG for Hereford and small rotation, market weight for small rotation, and longissimus muscle area in large rotation (Table 8) . Increased milk yield tended to be associated with increased feed intake, ADG, gain on feed, market weight, and hot carcass weight. McMorris and Wilton (1986) also found positive regressions for ADG, days on feed, market weight, and feedlot energy intake on milk yield with the effect on market weight being significant. Jones et al. (1982) also found an increase in slaughter weight with increased milk yield. Increases in feed intake, ADG, and market weight with increased milk yield may be due to the physiological system that results in higher milk yield also affecting feedlot performance or calves with higher growth demanding and receiving more milk.
Implications
Producers trying to increase weight gain of calves without decreasing calving ease should attempt to use breeds of sires that are of similar weight to breeds of dams. Improving the milk producing ability of dams could increase gain to weaning, average daily gain in the feedlot, and market weight without affecting feedlot intake.
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